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Information and statistics including trade statistics on catches of white whales or belugas (Delphinapterus leucas) in West Greenland since 1862 are presented. The period before 1952 was dominated by large catches south of 66 o N that peaked with 1,380 reported kills in 1922. Catch levels in the past five decades are evaluated on the basis of official catch statistics, trade in mattak (whale skin), sampling of jaws and reports from local residents and other observers. Options are given for corrections of catch statistics based upon auxiliary statistics on trade of mattak, catches in previous decades for areas without reporting and on likely levels of loss rates in different hunting operations. The fractions of the reported catches that are caused by ice entrapments of whales are estimated. During 1954-1999 total reported catches ranged from 216 to 1,874 and they peaked around 1970. Correcting for underreporting and killed-but-lost whales increases the catch reports by 42% on average for . If the whales killed in ice entrapments are removed then the corrected catch estimate is on average 28% larger than the reported catches. 
I IN NT TR RO OD DU UC CT TI IO ON N

H unting of white whales or belugas (Delphinapterus leucas) in West
Greenland has been the subject of controversy because of indications that the catches exceed sustainable levels (Heide-Jørgensen and Reeves 1996, Butterworth et al. 2002 , HeideJørgensen and Acquarone 2002 , Innes and Stewart 2002 . Several regulations have been introduced during the 1990s with the intention of reducing the catches. Since 17 October 1995 the catch of belugas from larger vessels has been restricted, so that vessels from 25 to 50 Gross Register Tons (GRT) are only allowed to catch belugas for their own consumption, not for sale. Vessels from 50 to 79.9 GRT are only allowed to take 2 belugas per year. Furthermore, the drive hunt (which was a significant factor in the total catch of belugas) was prohibited in 1995.
The catch statistics for belugas go back to 1862 but are not complete and have never incorporated animals that are killed but lost. Especially for the most recent decades, the quality of the catch statistics has fluctuated because of a large number of catches that are not included in the statistics. This fraction of unreported catches and the number of killed-but-lost whales cannot be estimated precisely, but estimates can be made under certain assumptions. The catch history of belugas in West Greenland has, together with abundance estimates, recently been used for modeling the dynamics of this stock and for predictions of sustainability of future harvest levels (Butterworth et al. 2002 , Innes and Stewart 2002 , Alvarez-Flores and HeideJørgensen MS 2000 . For the modeling of the population trajectory it is essential that the actual removals caused by humans be estimated as accurately as possible. Erroneous removal levels will result in unrealistic predictions of the productivity of the stock.
In this compilation the uncorrected catch statistics are presented together with corrections previously applied (e.g. , Born and Kapel 1986 , Born 1987 . There has been systematic underreporting caused either by an absence of catch reports from some municipalities during certain periods or by a general trend towards underreporting. In an attempt to correct for these biases two levels of corrected catches are introduced for the period after 1954 (low and medium options). Finally, a third level (high option) corrects the catches for an estimate of killed-but-lost whales in different catching operations. The three levels are intended as options for modeling different scenarios of the dynamics of the population.
Catch statistics for belugas and narwhals (Monodon monoceros) from Greenland include catches that are taken from whale pods that are entrapped in the ice. It has been suggested that mortality in ice entrapments occasionally is part of the natural mortality (Siegstad and HeideJørgensen 1994) . To allow for analyses of removals without catches in ice entrapments these are shown separately from the mortality genuinely caused by humans.
M MA AT TE ER RI IA AL L A AN ND D M ME ET TH HO OD DS S
Available statistics
The main sources for data on beluga catches in Greenland are the official catch statistics. Statistics on purchasing of mattak (whale skin) can under certain assumptions be converted to numbers of whales killed. The number of lower jaws collected from the harvest provides a minimum estimate of the number of whales that were killed.
Catch statistics before 1993
This compilation utilises statistics on beluga catches in West Greenland between 1862 and 1891 from Winge (1902) and Anon. (1944 ), between 1907 and 1951 from HeideJørgensen (1994 and Anon. (1944 ), between 1954 and 1974 from Kapel (1977 , between 1975 and 1990 from unpublished statistics from the Ministry of Greenland, , Kapel and Larsen (1984) , Kapel (1985) , Born and Kapel (1986) , Born (1987) and HeideJørgensen (1994) . For the periods 1862-1921, 1934-1948 and 1954-1963 catches were reported for the period 1 April through 31 March, but for the tabulation here all catches were allocated to the first of the years reported. 
Catch statistics after 1992
Allocation of catches by species
Catches of narwhals and belugas were combined in the annual statistics before 1906 (Winge 1902 , Heide-Jørgensen 1994 and in the statistics on average catches before 1939 (Anon. 1944) . For the years with combined statistics, catches from Sisimiut and south are all considered to be belugas because of the rare occurrence of narwhals in this area (Winge 1902 , Heide-Jørgensen 1994 . For the areas north of Sisimiut, Winge (1902) Kapel (1977) , between 1975 and 1990 from unpublished statistics from the Ministry of Greenland, , Kapel and Larsen (1984) , Kapel (1985) , Born and Kapel (1986) , Born (1987) and Heide-Jørgensen (1994) , and from 1993 to 1999 from 'Piniarneq'. 
Correction for losses
The bulk of the catches of belugas in West Greenland are taken either in a drive fishery or by shooting in open water, along ice edges or in ice cracks. There are also a limited number of net catches. During the drive fishery, the whales are shot in shallow water after being driven to the shore. Few whales escape the drives and those that sink might be retrieved either by hooks in the following days or when floating to the surface. The losses during the drive fishery are therefore considered minimal and a catch correction factor of 1.10 has been applied to the reported catches to correct for whales lost during drive fishery operations. The drive fishery was the most important way of hunting belugas in Qaanaaq and Upernavik until it was banned in 1995 (effective from the 1996 hunting season).
Shooting whales in open or ice-covered waters (=non-drive fishery) usually takes place over deep water and wounded whales are in many cases not retrieved. The non-drive fishery therefore has a much larger proportion of lost whales and a catch correction figure of 1.30 (see Discussion) was applied to the statistics from this type of hunting. This hunt type is practiced in all areas south of Upernavik and from 1996 even in Upernavik and Qaanaaq.
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Belugas in the North Atlantic and the Russian Arctic Therefore a high option for the catch statistics after 1954 (applied to the medium option) includes a correction of the harvest in northern municipalities (Qaanaaq and Upernavik) of 1.10 of the catches until 1995 and a correction factor in all other areas of 1.30 to adjust for losses during the catch operations.
Ice entrapments
Data on ice entrapments were extracted from Siegstad and Heide-Jørgensen (1994) and an option for subtracting the entrapment mortality from the reported catches is given for the period 1954-1999. For the period 1862-1953, entrapment mortality is reported inconsistently and is therefore not subtracted from the reported catches.
R RE ES SU UL LT TS S Period 1862-1905
Statistics were available for some of the years from Sisimiut and south (1874-1890) where all catches can be considered to be belugas (Table  3) . For the areas north of Sisimiut annual catch data were available for 1862 through 1877 but only for belugas and narwhals combined. Some statistics on average catches over periods without annual reports are presented here as a supplement to the annual reports of catches (see Table 4 ). Two ice entrapments are known from Disko Bay 1898 and 1899 involving either belugas or narwhals (Table 3) .
Period 1906-1951
Catches that were reported for the combined period 1926-29 in Kangersuatsiaq (in southern Upernavik District) were spread over the four years in question (Table 3 ).
All entrapment records were from Disko Bay but only the reports from 1906, 1915 and 1951 were specified as belugas, whereas the others may have included both belugas and narwhals. The catch in the ice entrapment in 1943 might be reflected in the statistics for 1942 but several of the other ice entrapment catches do not match a similar number in the catch statistics (Table 3 )
Period 1954-1974
This period is probably the most reliable of the catch series, but still there are some clear deficiencies, one of which is the fragmentary reporting from Qaanaaq. The only correction that can be applied to the reported catches is the addition of estimated catches for Qaanaaq in the years without reports for that area. The lower and upper 95% confidence interval for the years with catches in Qaanaaq (see Materials and Methods) were therefore added to give a low and a medium option for corrections, respectively (see Table 5 ). For the central and southern areas the low and medium options listed in Table 5 are the same as the reported catches.
All entrapments involving belugas took place in Disko Bay. In January 1955 there was a large ice entrapment during which more than 3,000 belugas were killed (Table 1) . Since the reported catches came from a settlement close to the site of the entrapment and the catches were taken in winter it is assumed that all catches in Disko Bay reported from that year were whales taken in the ice entrapment. In 1960 an entrapment in Disko Bay included 100 narwhals or belugas and it is thus assumed that 50 belugas were taken in the entrapment. In March 1967 some belugas were entrapped and 50 reported catches are attributed to ice entrapment mortality. In February 1968 an entrapment was reported and the catch for that month of 234 belugas was attributed to ice entrapment.
Period 1975-1985
This was a period where an increasing proportion of catches were not reported and where corrections for underreporting are needed. The annual catch in Qaanaaq has previously been estimated to be 50/yr for 1975-1977 and the difference between the reported catches and this estimate has been added to correct for underreporting ). There are no estimates of unreported catches for 1978 -1982 , estimates of underreporting have previously been added to the reported statistics for some of the municipalities (Born and Kapel 1986, Born 1987, Catches before 1906 are corrected for the combined reporting of narwhals by assuming that 100% of the catches were belugas in the areas 'South of 66°N' and 'Sisimiut', and that 75% were belugas in the 'Central' and 'North' areas (see text). All entrapments were from the 'Central area' (see Siegstad and Heide-Jørgensen 1994) . 
Year
Period 1986-1992
The catch reporting system deteriorated during this period while the economic value of the mattak increased. Nothing is reported from Qaanaaq or Sisimiut for any of the years but there are reports from biologists of catches of 2 and 50 belugas in 1990 and 1991 in Qaanaaq (Table 1 ).
In 1986 a biologist recorded a catch of 450 to 550 belugas in the two northernmost settlements in Upernavik (Bodil Deen Petersen in litt. and later confirmed by the senior author) and the official statistics were therefore corrected to 500 for Upernavik in 1986 (see Table 5 ).
In 1989 the senior author observed catches of 427 belugas in Upernavik and approximately 30 in Disko Bay. The reported catches were 116 and 12 for the two areas thus the observed catches were used. Both observations indicate a significant degree of underreporting.
Similarly for 1990 and 1991, data on catches recorded by biologists were used instead of the relatively low reported catches. There was a large ice entrapment in Disko Bay in 1990 that alone accounted for a kill of approximately 600 belugas.
In 1992 a total of 46.3 tons of mattak was purchased in Upernavik. From that catch, 54 jaws were obtained and, in Disko Bay, an additional 26 jaws were collected (Table 6 ). Converting the mattak to the number of whales killed (70 kg mattak/whale, Heide-Jørgensen 1994) and adding the 26 jaws gave a total of 687 belugas, but there were definitely other unreported catches in West Greenland that year.
In April 1988, 100 to150 belugas were reported taken from an entrapment; therefore 125 belugas were arbitrarily assigned to ice entrapment mortality in 1988. In January 1990 about 500 belugas were taken in an ice entrapment in Disko Bay.
Period 1993-1999
In 1993 the new catch reporting system (Piniarneq) started to provide data. The mattak purchases in the northern municipalities (i.e. Qaanaaq, Upernavik and Uummannaq) were converted into catches of whales under the assumption of an average yielded amount of mattak per whale (Heide-Jørgensen 1994). The minimum catches thus derived from the mattak purchases were generally smaller than the numbers from the 'Piniarneq' catch-reporting scheme, indicating that not all mattak was purchased commercially. The exception was the catch in Upernavik where the mattak purchases yielded a much larger estimate of killed belugas than the reported catches in 1993-1998 (Table 1 and 2).
No reliable data exist on the trade in beluga mattak from Uummannaq, Disko Bay, Sisimiut or south of Sisimiut. Most mattak is sold directly by the hunters and no statistics are kept on the amount traded. Also, many fishing boats conduct an opportunistic hunt, which makes it difficult to get precise figures on the hunting levels.
For 1993, the collection of 339 jaws supported a mattak-derived estimate of 340 belugas in Upernavik (Table 6 ), twice as many as officially reported.
In 1994, the mattak purchases in Upernavik indicated a minimum catch of 188 belugas, exceeding the reported catch of 98 belugas (Table  1) and again showing a significant underreporting. For all other areas, the reported catches were larger than those derived from mattak purchases. When adding the corrected figure for Upernavik to the reported catches from all other areas an estimated total of 618 belugas were caught in West Greenland that year.
In 1995 there are records for trade in mattak only from the northern area and a total exceeding 19 tons was purchased, corresponding to an estimated hunt of 278 belugas.
In 1996 and 1997, only small amounts of mattak were purchased but in 1998 more than 15 tons were sold of which at least 9.5 tons (~136 belugas) were purchased in Upernavik. This is not in conflict with the reported catch of 162 whales. A factory ship purchased additionally 6.2 tons of mattak but the locations of the purchases are unknown and they can therefore not be compared with the reported catches. For 1999 the catch statistics only cover the period from January through September.
No ice entrapments of belugas have been reported in West Greenland since 1990.
D DI IS SC CU US SS SI IO ON N
Complete statistics on catches of Monodontids from at least the last part of the 19 th century probably existed at some time. Some of them may still be retrievable from archives whereas other parts of the statistics have been lost. A large number of old archives from southern Greenland were lost with the wreckage of the ship 'Hans Hedtoft' in 1959. The fragmentary statistics that are presented here indicate a long history of relatively high levels of beluga catch in West Greenland that probably started before 1862. For population modelling it will be necessary to interpolate years without reported catches, to spread out the average figures over the years involved and to assume some level of harvesting before 1862 (cf. Butterworth et al. 2002, Innes and Stewart 2002) .
Despite the incomplete reporting the historic data clearly shows that some dramatic changes in the distribution and occurrence of belugas happened in south Greenland in the first dec- ades of the 20 th century. Catches south of 66°N dwindled during the 1920s probably as a result of over-harvesting. Because of the suspicion that these catches were taken from a now extinct stock, it seems reasonable to keep these catches separate from those taken further north in the present range of belugas. But it is also possible that there were other stocks of belugas that were depleted by intensive hunting in the last century. For example the settlement of Kangersuatsiaq periodically had high levels of autumn catches (>400/yr during 1926 -1932 , Heide-Jørgensen 1994 , but few belugas have been seen or caught there after 1960.
For the period after 1954, the localities for the catches reported in the official catch statistics are registered by the settlement/town where the hunters live. However this is not necessarily where the catches took place, which introduces a bias, especially in the southern areas where hunters make hunting trips to northern whaling grounds. Thus catch reports from the southern municipalities may include catches from further north in other municipalities. This bias has increased in importance with the widespread use of motorized vessels since the 1960s. No corrections could be applied for this bias but the pooling of the catches into larger areas reduces its importance.
The use of the average of catches in one decade to adjust for underreported catches in a subsequent decade could mask both trends and the occasional large catches. There are, however, no reasons to believe that there have been long periods without catches in Qaanaaq and Sisimiut since both hunting effort and the market value of the mattak has steadily increased over the years and substantial catches are reported in years with statistics.
In the 1980s and 1990s a large proportion of the catches have been estimated from diverse sources. The worst years are 1991 and 1992 where no official statistics are available, but because of the arbitrary collection of official data in all years, an unknown and possibly very large fraction of the catches is not reported (e.g. no catches in Sisimiut from [1986] [1987] [1988] [1989] [1990] [1991] [1992] . The introduction of a new catch recording system, 'Piniarneq' seems to provide a wider geographical coverage of the catches than previous systems. It is not yet possible to determine whether this indicates a more complete reporting of catches, but at least observations from biologists in 1994, 1995, 1998 and 1999 in Upernavik confirm the information from 'Piniarneq' that catches remained low (<250 whales) in those years, although underreporting was still a problem.
The high option for corrected catch estimates includes a relatively low (10%) estimate for losses in the drive fishery hunt. No studies of losses have been conducted in Greenland but inferences can be made from studies in other areas. In the western Canadian Arctic, loss rates for belugas were estimated to be about 40%, corresponding to a catch correction factor of 1.67 (Burns and Seaman 1986) . For narwhal hunting in open water in Canada, Weaver and Walker (1988) reported loss rates between 32% and 55%, or catch correction factors of 1.5 to 2.2. Roberge and Dunn (1990) reported catch correction factors for narwhals in Canada ranging from 1.11 in open water to 1.41 at ice cracks and 1.56 at the floe edge or ice edge. The estimate assigned here to losses in the non-drive fishery (catch correction factor of 1.30) in Greenland covers both the open water hunt and the hunt from ice cracks and the ice edge. It also covers the open-water hunt in late autumn just before freeze-up, which is a period where loss rates have not been estimated. If anything the correction factor of 1.30 applied here is negatively biased.
The two options for correcting for underreporting increase the average catches of belugas since 1954 by 3.3% for the low option and by 15.5% for the medium option. The high option that includes losses increases the catches by 42.0%. For modelling the dynamics of the population an average of the medium and the high options has been used (Alvarez and HeideJørgensen MS 2000, Butterworth et al. 2002) . This compromise increases the average catch by 28.8%.
If the whales killed in ice entrapments are removed then the catch estimates corrected for losses and underreporting (high option) is 28.4% larger than the reported catches in the
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Belugas in the North Atlantic and the Russian Arctic NAMMCO Scientific Publications, Volume 4 same period. Choosing the same compromise between the medium and high options as above gives an average correction excluding ice entrapment mortality of 16.7%.
Since quantitative data on underreporting are not available for most years and data on losses have not been collected in Greenland, qualified guesses of actual catch levels have been required. The corrections proposed here are clearly in the lower range of the possible values and even the high option may be negatively biased. Data from some years indicate that less than half of the catches were reported, and the applied loss rates are certainly in the lower range of published values for other areas. It can, however, be argued that years with observed severe underreporting were exceptional years because they are from periods when the reporting scheme was undergoing change. Similarly it can be argued that the loss rates in Greenland are lower than those reported for Canada, because a larger proportion of the hunt takes place in the open water season and because hunters in Greenland may be more skilled. Thus until more accurate information becomes available, the relatively conservative corrections of catches used here seem most appropriate.
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